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Description 

[0001] The present invention relates to a knocking de- 
tecting sensor having the features contained In the pre- 
amble portion of claim 1 . Such a knocking detecting sen- 5 
sor as known from US 4,967, 1 1 4 is attached to an inter- 
nal combustion engine to detect knocking electrically. 
[0002] An acceleration detector which is provided with 
a cable outlet at right angles to a direction of the main 
vibrations to be detected, especially for detecting knock- io 
ing signals in internal combustion engines, Is known 
from US 4,399,705. 

[0003] In order to detect knocking generated in an in- 
ternal combustion engine of a motor vehicle, a sensor 
to detect vibration due to the knocking using a piezoe- 15 
lectric element has been widely used. Such knocking 
detecting sensors are classified into two kinds: a reso- 
nant type and a non-resonant type The fomner type has 
a resonance point in a band corresponding to a knocking 
frequercy and selectively detects only the vibration In 20 
the vicinity of the resonating frequency on the basis of 
a resonance phenomenon, thereby detecting the knock- 
ing. The latter type has a comparatively flat output char- 
acteristic without a specified resonance frequency and 
extracts the sensor output in a frequency band core- 25 
spending to knocking by using a bandpass filter, thereby 
detecting the knocking. 

[0004] Generally, in the non-resonant type of knock- 
ing detecting sensor, a main metallic sleeve is arranged 
so that Its bottom face contacts an attaching face on an 30 
attaching unit, and a screw member is inserted into a 
through hole of the main metallic sleeve and is screwed 
into a female screw hole in the side of the attaching unit 
to fix the main metallic sleeve and the attaching unit to- 
gether. (See for example, TOKU HYO HEI 6-508920 35 
and U S Patent No. 5,398,540) Further, there Is another 
type of sensor in which a male screw portion is integrally 
formed with a main metallic sleeve. This integrated body 
is screwed to a female screw hole in an attaching side 
(See for example, Unexamined Japanese Patent Pub- 40 
lication No. HEI. 1-159467). In that attachment, howev- 
er, it is well known that the main metallic sleeve will vi- 
brate (as seen from the attaching face, the vibration in- 
cludes an amplitude component in a direction Intersect- 
ing the attaching face) in a direction along an axial line 45 
of the screw member (namely, the coupling direction of 
the screw member). The vibration will occur around the 
outer edge portion of the main metallic sleeve when the 
axial line of the screw member is the center, and will 
resonate at a specified frequency. It is desirable for the so 
non-resonant type knocking detecting sensor to have a 
flat output frequency characteristic. However, when res- 
onance occurs as described above, the detected output 
level in a knocking band should be lowered, or otherwise 
the output frequency characteristic is susceptible to the 55 
influence of noise from the resonance, which leads to 
erroneous detection. Also, in the resonant type of knock- 
ing detecting sensor, resonance may occur in an unde- 
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sired frequency by a similar or other cause, in which 
case, erroneous detection Is likely to occur. 
[0005] It is an object of the present invention to pro- 
vide a knocking detecting sensor which can surely de- 
tect knocking with high accuracy. 
[0006] According to the present invention, said object 
Is achieved by a knocking detecting sensor having the 
features of claim 1. 

[0007] Preferred embodiments and improvements of 
the Invention are indicated in the subclaims. 
[0008] Incidentally, in the present application, the ex- 
pression "the notch portion or the projecting portion is 
formed a position a prescribed distance away from the 
axial line of the piezoelectric element plate" means that, 
for example, the center of gravity of the notch portion or 
the projecting portion is displaced from the axial line of 
the piezoelectric element plate. For example, if the op- 
posite face forming portion on which the notch portion 
is fomied is flat, the center of gravity of the notch portion 
means, when the opening of the notch portion is closed 
and the notch portion is treated as solid, the center of 
gravity of the main metallic sleeve is essentially that of 
a solid body. 

[0009] The inventors of the present invention have 
found that when a notch portion or projecting portion is 
formed on the opposite face of the main metallic sleeve, 
a non-resonant type of sensor provides an output fre- 
quency characteristic which is difficult to provide a res- 
onance point for in the sensor output and is flat. Also, 
they found that a resonant type of sensor prevents res- 
onance from occurring in a band other than the knocking 
frequency. Namely, in either type of knocking detecting 
sensor, the frequency characteristic for knocking detec- 
tion Is improved to detect the occurrence of knocking 
accurately and surely. 

[0010] The reasons for the improvement due to the 
formation of the notch portion or projecting portion of the 
frequency characteristic of the sensor is considered to 
be one of the following. 

(1) In the structure where the main metallic sleeve 
is screwed and fixed to the attaching face by the 
screw member, the screw force becomes larger ap- 
proaching the fixing center from an outer edge por- 
tion. As shown in Fig. 19A, a flexible load distributed 
from the fixing center (i.e., the center axial line of 
the screw member) outwardly along the diameter 
direction is generated in the opposite face forming 
portion. The attaching force between the opposite 
face and the attaching face is decreased approach- 
ing the outer edge portion from the fixing center. The 
opposite face may be fomned spaced away from the 
attaching face. As a result, at the opposite face 
fomiing portion of a main metallic shell vibration in 
a direction intersecting the attaching face is easily 
generated in the outer edge portion. On the other 
hand, as shown in Fig, 19B, if a notch portion is 
formed on the opposite face forming portion, a thin 
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thickness portion is fonned in tlie flange above the 
notch portion. Then, when the screw force is applied 
by the screw member, the thin thickness portion 
slightly flexes In the direction in which the screw 
member is screwed to absorb any warp that raises 5 
the outer edge portion. This arrangement improves 
the attachment of the opposite face of the opposite 
face fonriing portion to the attaching face. As a re- 
sult, vibration with an amplitude component in the 
direction intersecting the attaching face Is prevent- io 
ed. Consequently, the frequency characteristic of 
the knocking detecting sensor is improved. 
(2) Dynamic parameters controlling the resonance 
phenomenon such as the center of gravity position 
and the inertia tensor component of the main me- ^5 
tallic sleeve (or whole of the sensor) are changed 
by fonning the notch portion or the projecting por- 
tion, and thereby the resonance point is not gener- 
ated. 

20 

[001 1 ] Assuming that the volume of the whole of the 
main metallic sleeve including the volume of the notch 
portion or the projecting portion is V and the volume of 
the notch portion or the projecting portion alone is K, the 
ratio of KN is preferably adjusted in the range of 0 01 25 
to 0.2. If KA/ is less than 0.01 , the frequency character- 
istic of the knocking detecting sensor with a notch por- 
tion or a projecting portion is not improved. On the other 
hand, if KA/ exceeds 0.2, some knocking detecting sen- 
sors are likely to generate resonance. Preferably, the 30 
value of KA/ is set to about 0.015. 
[0012] The notch portion is fonned to be open on the 
opposite face which is convenient for improving the fre- 
quency characteristic of the knocking detecting sensor. 
The reason for this is the thin thickness portion can be 35 
formed in the longitudinal direction of the screw member 
in the main metailk: sleeve. Since the thin thickness por- 
tion can flex, the attachment of the opposite facefomning 
portion to the attaching face is further improved. IN^ore 
specifically, the notch portion Is fonned in the opposite 
face forming portion so that the depth of the notch por- 
tion is in the same direction as the axial line of the pie- 
zoelectric element plate. The thickness of the notch por- 
tion is reduced at the fonning position of the notch por- 
tion. 45 
[0013] The notch portion is formed to move the center 
of gravity of the sensor closer to the axial line of the pi- 
ezoelectric element plate. For example, many non-res- 
onant types of sensors include a structure in which a 
connecting member for receiving an output from the pi- so 
ezoelectric element plate protrudes from the side of the 
sensor body. If such a connecting member is provided, 
the center of gravity of the sensor is displaced from the 
axial line of the piezoelectric element plate. Owing to the 
shape of the sensor, this generates resonance in the ss 
sensor. In this case, the notch portion is fonned as de- 
scribed above so that the center of gravity of the sensor 
is corrected so that it is closer to the axial line of the 



piezoelectric element plate. Accordingly, the arrange- 
ment has another advantage which is the prevention of 
resonance of the sensor due to the displacement of the 
center of gravity from the axial line. 
[0014] Next, when the notch portion is fonned in the 
opposite face, the projecting portion is attached to the 
notch portion of the attaching face. In this arrangement, 
the projecting portion also functions to attach the sensor 
on the attaching face. In addition, as described later, 
when the sensor is attached to the attaching unit by the 
screw, the projecting portion also acts as detent to pre- 
vent the sensorfrom rotating by engaging with the notch 
portion in the attaching face during the screwing. 
[001 5] In the above-described sensor, the piezoelec- 
tric element plate is fonned in a ring shape. Further, the 
main metallic sleeve can be formed to include a cylin- 
drical or cylindrical-column passing-through portion and 
a flange portion integrally fomied on a side of the pass- 
ing-through portion and extending outwardly along a cir- 
cumferential direction of the passing-through portion. 
The flange portion constitutes the previously mentioned 
opposite face forming portion. In this case the piezoe- 
lectric element plate is inserted into the inserting portion 
of the main metallic sleeve from a direction opposite to 
the flange portion. A ring-shaped end face of the flange 
portion opposite to the piezoelectric element plate sup- 
ports the piezoelectric element plate. The other end face 
is the face opposite the attaching face when the sensor 
Is attached to the attaching unit. This stmcture Is used 
for non-resonant type knocking detecting sensors. Ac- 
cording to the above feature, the detecting accuracy of 
the non-resonant type of sensor is improved. 
[0016] When the opposite face forming portion is 
fomried as the flange portion, a harmful vibration having 
an amplitude component in the axis direction is gener- 
ated around the outer peripheral portion of the flange 
portion, thereby damaging the frequency characteristic. 
However, if the notch portion is formed to open in the 
end face opposite to the attaching face, the harmful vi- 
bration can be restrained because of the fact that the 
flange portion is thinner in the position of the notch por- 
tion, thereby improving the detecting accuracy of the 
sensor. 

[0017] Further, in the above knocking detecting sen- 
sor, the outer periphery of the main metallic sleeve is 
covered by and integrally molded with a resin case. The 
resin case includes a cylinder portion with an open tip 
that is fonned integrally with the resin case and pro- 
trudes sidewardiy. In this case, it is preferable to further 
improve the detecting accuracy of the sensor by forming 
the notch portion at a position corresponding to the con- 
nector portion at the periphery of the axial line with re- 
spect to the opposite face fonning portion of the main 
metallic shell. In other words, if the connector portion is 
formed, the center of gravity of the sensor is displaced 
toward the side of the sensor with the connector portion 
attached. Resonance Is generated due to the displace- 
ment of the center of gravity. Accordingly, the notch por- 
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tion is formed in the opposite face forming portion at a 
position near the connector portion to reduce the weight 
of the main metallic sleeve by an amount of the notch 
portion. The increase in weight due to the connector por- 
tion Is partially eliminated by formation of the notch por- 
tion and the resonance is thereby restrained. On the oth- 
er hand, when a projecting portion if fonned instead of 
the notch portion, the projecting portion is fomied on a 
side of the sensor opposite from the connector portion 
with respect to the center axial line of the piezoelectric 
element plate to thereby obtain substantially the same 
effect. 

[001 8] The knocking detecting sensor is arranged on 
the attaching unit with the opposite face of the main me- 
tallic sleeve contacting the attaching face and a screw 
member penetrating through the main metallic sleeve 
screwed into a female screw portion formed In the at- 
taching unit. As described in reference to Figs. 1 9A and 
19B, the closer to the outer edge portion of the main 
metallic sleeve, the attaching force between the oppo- 
site face and the attaching face is reduced, which makes 
the generation of harmful vibration likely This vibration 
is a cause of the resonance phenomenon. Therefore, 
the above-described stnjcture is used with the sensor 
of the present invention to thereby restrain the reso- 
nance and improve the knocking detecting accuracy 
[0019] The notch portion engages with a projecting 
portion fonned on the attaching face and the projecting 
portion engages with a notch portion fomied thereon so 
that they prevent the sensor from rotating while the 
screw member is screwed into the female screw portion . 
In other words, the notch portion formed to adjust the 
center of gravity of the sensor can be used as a stopper 
or detent so that the sensor can be easily attached. In 
a sensor that uses a bolt-nut arangement to fix the pie- 
zoelectric element plate to the main metallic sleeve, in 
the process of tightening the nut, the above notch por- 
tion can be used as a detent for the main metallic sleeve. 
[0020] In the accompanying drawings: 

Fig. 1 is a side sectional view showing the knocking 
detecting sensor according to the present invention ; 
Fig. 2 is a schematic view showing the attachment 
of a knocking detecting sensor to an attaching unit; 
Fig. 3 is a schematic view showing the method of 
connecting a piezoelectric element plate to a con- 
nection temiinal portion; 

Fig. 4 is an explanation view ofthe method of attach- 
ing a knocking detecting sensor; 
Fig. 5 is a bottom view showing the operation ofthe 
knocking detecting sensor of Fig. 1 ; 
Fig. 6 is a bottom view showing a first modified em- 
bodiment of the knocking detecting sensor; 
Fig. 7 is a side sectional view showing a second 
modified embodiment of the knocking detecting 
sensor which is not within the scope of the inven- 
tion; 

Fig. 8 is a schematic sectional view showing an ex- 
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ample of the attachment of the knocking detecting 
sensor as shown in Fig. 7; 
Fig. 9 is a schematic sectional view showing anoth- 
er example ofthe attachment of a knocking detect- 

5 ing sensor, 

Fig. 10 is a bottom view showing a third embodi- 
ment of the knocking detecting sensor which is not 
within the scope of the invention; 
Fig. 11 is a bottom view showing a fourth embodi- 

10 ment of the knocking detecting sensor which is not 
within the scope of the invention; 
Fig. 1 2 is a bottom view showing a fifth embodiment 
of the knocking detecting sensor which is not within 
the scope of the invention; 

'5 Fig. 13 is a bottom view showing a sixth embodi- 
ment ofthe knocking detecting sensor; which is not 
within the scope of the invention; 
Fig. 1 4 is a bottom view showing a seventh embod- 
iment of the knocking detecting sensor; 

20 Fig. 15 Is a side sectional view showing an eighth 
embodiment of the knocking detecting sensor; 
Fig. 16 is a bottom view of Fig. 15; 
Fig. 1 7 is a side sectional view showing a ninth em- 
bodiment of the knocking detecting sensor; 

25 Fig. 1 8 is a side sectional view showing a tenth em- 
bodiment of the knocking detecting sensor. 
Figs. 19A and 19B are explanation views of the ar- 
rangement of a notch portion and a thin thbkness 
portion; and 

30 Figs. 20A and 20B are profiles showing measure- 
ment examples of the frequency characteristic In 
the knocking detecting sensor in an example and a 
comparative example, respectively. 

35 [0021] A detailed description of the present invention 
will be described below with reference to the accompa- 
nying drawings. 

[0022] With reference to the drawings, an explanation 
will be given of the embodiments of the present Inven- 

40 tion. 

[0023] Fig. I shows a sectional view of the structure 
of a knocking detecting sensor (hereinafter "sensor"). 
The sensor of this embodiment of the present invention 
is configured as a non-resonar t type sensor. The sensor 

45 I includes a case of synthetic resin (hereinafter "case") 
2, a main metallic sleeve 5, a piezoelectric element plate 
8, and a connection terminal portion 22. As shown In 
Fig. 2, the sensor 1 is arranged on an attaching unit 30 
such that the opposite face 35 of the main metallic 

50 sleeve 5 is in contact with an attaching face 30a of the 
attaching unit 30 on the side of an internal combustion 
engine. By screwing a screw member 33, which passes 
through a through-hole 6 of the main metallic sleeve 5, 
into a female screw portion 31 formed in the attaching 

55 unit 30, the sensor 1 is attached to the attaching unit 30 
in such a relative position where the axial line O of the 
piezoelectric element plate 8 is substantially orthogonal 
to the attaching face 30a. 
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[0024] As shown in Fig. 1 , the case 2 includes a body 
3 formed in a cylindrical shape and a cylinder portion 25 
integrated thereto so that it extends outwardly from its 
side. For example, the case 2 is injection-molded inte- 
grally with the main metallic sleeve 5 and piezoelectric 
element plate 8. The main metallic sleeve 5 Includes a 
cylindrical passing-through portion 7 with a through-hole 
6 fomned in an axial direction, and a flange portion 10 
integrally formed on the lower side of the passing- 
through portion 7 and extending outwardly along a cir- 
cumferential direction of the passing-through portion 7 
The flange portion 1 0 includes a supporting face 1 1 sup- 
porting the lower face of the piezoelectric element plate 
8. The flange portion 10 also includes an opposite face 
35 at the end surface opposite to the supporting face 1 1 . 
[0025] On the outer peripheries of the tip end of the 
passing-through portion 7 and flange portion 10, a plu- 
rality of uneven portion 7a and 1 0a (for example, an an- 
nular ring-shaped convex portion along the periphery di- 
rection) are formed in a radial direction. These portions 
serve to improve the coupling strength because during 
injection molding the resin of the case 2 is Intruded be- 
tween the portion. A screw portion 13 is fomned circum- 
ferentially on the side of the passing-through portion 7 
slightly lower than the uneven portion 7a. 
[0026] The piezoelectric element plate 8 has a flat ax- 
is-symmetrical shape, e.g., a flat circular plate shape 
having a ring shape with a hole portion 8a formed cen- 
trally therethrough in the thickness direction (axial line 
direction). The piezoelectric element plate 8 is provided 
with electrode plates 9a, 9b arranged on both Its top and 
bottom surfaces. In this state, the piezoelectric element 
plate 8 Is fit over the passing-through portion 7 of the 
main metallic sleeve 5 by way of the hole portion 8a until 
it is near the flange portion 10. Further, an insulating 
plate 16, a ring 17, and a washer 18 are fit over the pass- 
ing-through portion 7 and stacked on the piezoelectric 
element plate 8 in this order. In addition, the screw por- 
tion 13 is fomned on the outer periphery of the passing- 
through portion 7. The above members 9b, 8, 9a, 16, 
1 7, and 1 8 are tightened and held between the flange 
portion 1 0 and the nut member 20. Thus, the piezoelec- 
tric element ptate 8 is supported by the supporting face 
11 of the flange portion 10 on its end face on the side 
toward the electrode plate 9b. 
[0027] An output from the piezoelectric element ptate 
8 is extracted by the connection temninal portion 22. As 
shown in Fig. 3, for example, the connection tenninal 
portion 22 is made of tenninal metal fittings 22a, 22b. 
One end of each of the tenninal metal fittings 22a, 22b 
is connected to the electrode plates 9a, 9b, respectively, 
through an integrated resistance 24. The other ends of 
tenninal metal fittings 22a, 22b penetrate through the 
case 2 and protrude into the cylinder portion 25 as 
shown in Fig. 1 as part of the connector portion 23. A 
female coupler 27 is fit over the connector portion 23 so 
that the connection tenninal portion 22 is electrically 
connected to a circuit portion (not shown). 
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[0028] As shown in Figs. 2 and 5, a substantially cir- 
cular notch portion 37 opens In the opposite face 35 of 
the flange portion 1 0 on the side of the passing-through 
portion 7 on which the cylinder portion 25 Is located. The 

5 notch portion 37 is formed so that its depth direction is 
in the axial line direction of the flange portion 1 0. The 
thickness of the flange portion 1 0 is reduced beneath 
the bottom of the notch portion 37 to thereby fomn a thin 
thickness portion 10d. 

10 [0029] The end of the through-hole 6 (which functions 
as a screw insertion hole) at the bottom face of the 
flange portion 10 has a donut-shape. The piezoelectric 
element plate 8 has a ring shape in which its outer pe- 
ripheral edge and inner peripheral edge are substantial- 

15 ly concentric. The piezoelectric element plate 8 is fitted 
over the passing-through portion 7 as previously dis- 
cussed. Accordingly, the center axial line of the flange 
portion 10 substantially coincides with the center axial 
line O of the piezoelectric element plate 8. Therefore, 

20 the center of gravity of the notch portion 37 is displaced 
from the axial line O of the piezoelectric element plate 
8. Incidentally, the center of gravity of the notch portion 
37 means the center of gravity of a virtual solid body, 
when the opposite face 35 is virtually extended to close 

25 the opening of the notch portion 37. The closed space 
in the notch portion 37'is regarded as a virtual solid. 
[0030] As shown in Fig. 5, when the opposite face 35 
of the flange portion 1 0 is viewed along the center axial 
line 0, the position of the center of gravity G' of the open- 

30 ing portion of the notch portion 37 Is displaced from the 
center of gravity of the ring-shaped opposite face 35 (the 
center axial line position O of the piezoelectric element 
plate 8). 

[0031 ] Now, an explanation will be given of the meth- 
35 od of attaching and using the knocking detecting sensor 
1. 

[0032] As shown in Fig. 4, the sensor 1 is an-anged 
on the attaching unit 30 and the notch portion 37 of the 
main metallic sleeve 5 engages with the projecting por- 

^ tion 39 in the attaching face 30a at a position in proximity 
to the opening of the female screw portion 31 . When the 
through-hole 6 of the main metallic sleeve 5 is aligned 
with the female screw portion 31 , the screw member 33 
is passed through the through-hole 6 and Its tip is 

45 screwed into the female screw portion 31 . Thus, the at- 
taching of the sensor 1 to the attaching unit 30 Is com- 
pleted. As shown in Fig. 5, since the notch portion 37 is 
engaged with the projecting portion 39 in the side of the 
attaching face 30a, the sensor 1 Is prevented from ro- 

50 tating when the screw member 33 is screwed into the 
female screw portion 31 . Incidentally, for example, the 
projecting portion 39 in the side of the attaching face 
30a is fonned in such a manner that the projecting por- 
tion 39 has a male screw portion formed on an outer 

55 periphery of one end side. This male screw portion is 
screwed into a female screw hole formed In the side of 
the attaching portion 30 so that the other end side pro- 
trudes from the attaching face 30a 
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[0033] When sensor 1 is thus attached, the vibration 
generated due to knocking is transmitted to the piezoe- 
lectric element plate 8 through the main metallic sleeve 
5 and the piezoelectric element plate 8 converts the vi- 
bration into an electric signal by a piezoelectric effect. 
The electric signal is supplied to the circuit portion (not 
shown) through a cable. The circuit portion for detecting 
the output signal from the sensor 1 is provided with a 
band-pass filter to detect only the signal at the frequency 
band corresponding to knocking, 
[0034] In this configuration, It Is difficult for the sensor 
1 to generate resonance and the vibration in the cylinder 
portion 25 is restrained. Accordingly, the knocking can 
be detected with high accuracy. The reason for this is 
the following. As shown in Fig. 2, when the main sleeve 
5 Is tightened and fixed to the attaching face 30a by the 
screw member 33, the tightening force is larger the clos- 
er to the fixing center, e.g., the axial line of the screw 
member 33 which nearly corresponds to the center axial 
line O. In this case, as shown in Fig. 1 9A, a flexible load 
distributed in the diameter direction is generated in the 
flange portion 1 0 of the main sleeve 5, and tie attaching 
force between the opposite face 35 and the attaching 
face 30a becomes smaller the closer to the peripheral 
edge portion of the flange portion 10. As a result, in the 
peripheral edge portion of the flange portion 1 0, the res- 
onance Is likely generated because the hannful vibra- 
tion has an amplitude In a direction which Intersects the 
attaching face 30a, i.e., the axial line direction of the 
screw member 33. 

[0035] However, as shown in Fig. 196, If the notch 
portion 37 is provided in the flange portion 1 0 and a thin 
thickness portion 10d is formed, the thin thickness por- 
tion lOd Is slightly flexed when the tightening force of 
the screw member 33 Is applied. As a result, the warp 
tending to raise the peripheral edge portion of the flange 
portion 1 0 is absorbed. Accordingly, the attachment of 
the opposite face 35 to the attaching face 30a is im- 
proved. It is difficult to generate the hannful vibration in 
the flange portion 10, and thereby the frequency char- 
acteristic of the knocking detecting sensor 1 is Im- 
proved. In addition, since such a resonance is prevented 
or restrained, a contact failure of the temninal contact 
due to vibration rarely occurs. 
[0036] Another reason for the restraint on the gener- 
ation of resonance is the following. Dynamic parameters 
controlling the resonance phenomenon such as the 
center of gravity position and the inertia tensor compo- 
nent of the main metallic sleeve 5 (or whole sensor 1 ) 
Is changed by forming the notch portion 37. In this case, 
if the resonance frequency of the dynamic system in- 
cluding the sensor 1 is outside the vibration frequency 
band generated by a general internal combustion en- 
gine, It is possible to make the resonance point difficult 
to generate. For example, as shown In Fig. 2, If the notch 
portion 37 Is fornied in the flange portion 10 so that the 
position of the center of gravity G' of the sensor 1 Is off- 
set from the axial line 0, the resonance phenomenon 



may be effectively restrained. Incidentally, the position 
of the center of gravity G can be adjusted by varying the 
size and the position of the notch portion 37. 
[0037] The most effective way to restrain the reso- 
5 nance of sensor 1 Is to form the notch portion 37 at a 
position near the connector portion 23. However, even 
if the notch portion 37 is fomied elsewhere, the reso- 
nance can be restrained to some degree. For example, 
the notch portion 37 may be fomried at a position oppo- 
se site to that shown In Fig. 1 with respect to the axial lineO. 
[0038] Assuming that the volume of the whole of the 
main metallic sleeve 5 including the volume of the notch 
portion 37 is V and the volume of the notch portion (I.e., 
the volume of the above described substantially cylin- 
'5 drical closed space) Is K, then the ratio KA/ is preferably 
In the range of 0.01 to 0.2 to achieve the desired reso- 
nance restraint. Preferably, the value of the KA/ ratio is 
set to about 0.015. 

[0039] Various types of modified embodiments of the 

20 knocking detecting sensor 1 are described below. 
[0040] The notch portion 37 can be rectangular in 
spite of the circular flat shape. Fig. 1 4 shows an embod- 
iment in which the notch portion 37 Is formed to be an 
arc-shape (or sector-shape). In addition, as shown in 

25 Fig. 6, In place of the notch portion 37, a groove-shaped 
notch portion 40 may be formed. Both ends of the notch 
portion 40 open to the inner and outer peripheries of the 
flange portion 1 0. Further, Figs. 1 5 and 1 6 show embod- 
iments in which a part of the flange portion 10 on the 

30 side of the opposite face 35 is partially cut to thereby 
form a substantially sector-shaped notch portion 55. As 
shown in Fig. 15, the bottom face of the notch portion 
55 is tapered away from the plane of the attaching face 
35 and downwardly to the outer periphery in the dlam- 

35 eter direction of the flange portion 10. Incidentally, the 
notch portion 55 is formed at a position near the con- 
nector portion 23. However, as indicated by the dotted 
lines In Fig. 16, another notch portion 55 having the 
same shape can be fomied at a position opposite the 

40 axial line O from the first notch portion 55 in lieu of or 
with the first notch portion 55. 
[0041] As shown in Fig. 7, a plurality of notch portions 
37 can be formed in the flange portion 10. Fig. 10 Is a 
bottom view of Fig. 7 and it shows two notch portion 37 

45 formed so that one Is on the side near the connector 
portion 23 and another is formed In the opposite side 
with respect to the center axial line O. Accordingly, two 
cylindrical portions 39 can be formed in the attaching 
unit 30 to engage with the respective notch portion 37 

50 as shown in Fig. 8. Alternatively, only one cylindrical por- 
tion 39 is formed to engage with either one of the notch 
portions 37 as shown in Fig. 9. 
[0042] Fig. 1 1 shows an embodiment In which two ad- 
ditional notch portion 37 are arranged at right angle po- 

55 sitions from the notch portions 37 as shown In Fig. 10, 
thereby providing four notch portions 37 in total. Alter- 
natively, as shown in Fig. 12, two notch portion 37 may 
be arranged at right angle positions from the two notch 
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portions 37 shown in Fig. 10. This arrangement of the 
notch portions 37 Is better than the others for restraining 
resonance. On the other hand, In the enribodlment 
shown in Fig. 13, the notch portion 37 In Fig. 5 and the 
other notch portion 37 are arranged at a right angle po- s 
sition, thereby forming two notch portions 37. 
[0043] Fig. 1 7 shows another embodiment with cylin- 
drical portion 50 fonned in the opposite face 35 of the 
flange portion 10. Preferably, this cylindrical portion 50 
has a columnar shape and prevents or restrains the res- io 
onance of the sensor 1 similarly to a notch portion 37. 
The reasons for the prevention or restraint of the reso- 
nance by forming the cylindrical portion 50 are the fol- 
lowing. Dynamic parameters that control the resonance 
phenomenon, such as the center of gravity position and '5 
the inertia tensor component of the main metallic sleeve 
5 (or whole of the sensor 1 ), are changed by fomrilng the 
cylindrical portion 50, The cylindrical portion 50 engages 
with a notch portion 51 in the attaching face 30a of the 
attaching unit 30 and prevents rotation of the sensor 1 20 
during attachment of the sensor 1 to the attaching unit 
30 by the screw member 33. 

[0044] Fig. 1 8 shows another embodiment of the sen- 
sor 1 having a notch portion 37 and a projecting portion 
39 formed thereon. 25 
[0045] The above-described embodiments have 
been described with respect to the non-resonant type of 
knocking detecting sensors. However, the present In- 
vention can be applied to a resonance type of knocking 
detecting sensor. In the resonance type, resonance ex- 30 
cept for the knocking frequency is prevented and re- 
strained and thereby the knocking detecting accuracy is 
Improved. 

Example 

[0046] The respective elements of the knocking de- 
tecting sensor 1 as shown in Fig. 1 were made with the 
following sizes and materials. First, the piezoelectric el- 
ement plate 8 was fomned as a sintered body of lead 40 
zirconate titanate (PZT) with an outer diameter of 23 mm 
(j>, an inner diameter 15 mm, and a thickness of 2.5 mm. 
The main metallic sleeve 5 was made of carbon steel 
(JIS SWCH25K) and its flange portion 10 had an outer 
diameter 23 mm cj), an inner diameter 8.5 mm (j), and a 45 
thickness of 3 mm. The notch portion 37 was formed 
with an inner diameter of 6 mm and a depth of 1 .5 mm. 
Further, a distance d between the center of gravity G* of 
the opening of the notch portion 37 and the center of the 
flange portion 1 0 (the axial line O) was set to be 8.0 mm. so 
Further, the ratio KA/ was set to be 0.01 5 where V is the 
volume of the whole of the main metallic sleeve 5 includ- 
ing the volume of the notch portion 37, and K is the vol- 
ume of the notch portion 37. For comparison, a sensor 
1 without a notch portion 37 was also formed. 55 
[0047] These knocking detecting sensors were at- 
tached to a prescribed meter, and their frequency char- 
acteristics were measured by measuring the output volt- 




age at a vibrated acceleration of 3G (where G is gravi- 
tational acceleration) and a vibration frequency varying 
in the range of 1 to 20 kHz. Figs. 20A and 20B show the 
measurement results. 

[0048] Fig. 20A shows the frequency characteristic of 
the embodiment of a sensor 1 with the notch portion 37. 
Fig. 20B shows the frequency characteristic of the sen- 
sor 1 without a notch portion 37. Specifically, in the sen- 
sor 1 without a notch portion 37, the peaks of the output 
(represented by the phantom line circle) are attributable 
to resonance in the respective ranges of 1 6-1 7 kHz and 
18-19 kHz. On the other hand, in the sensor 1 with a 
notch portion 37, a flat and good frequency character- 
istic with no peak Is obtained. 



Claims 

1 . A knocking detecting sensor (1 ) comprising: 

a piezoelectric element plate (8) for detecting 
vibration due to knocking generated in an inter- 
nal combustion engine; 

a main metallic sleeve (5) for supporting said 
piezoelectric element plate (8) on a side of one 
face thereof , said main metallic sleeve (5) being 
attachable to an attaching unit (30) of the inter- 
nal combustion engine; and 

a connection terminal portion (22), 

wherein said piezoelectric element plate (8) has an 
axis-symmetrical shape so that an central axial line 
of said piezoelectric element plate (8) Intersects an 
attaching face (30a) of the attaching unit (30); and 
said main metallic sleeve (5) has a portion which 
fomis an opposite face (35) between the sleeve (5) 
and the attaching face (30a) of the attaching unit 
(30), 

characterized In that 

said opposite face fonning portion has exactly 
one notch portion (37) which opens in the op- 
posite face (35) and/or exactly one projecting 
portion (50) protruding from the opposite face 
(35) of the opposite face fomiing portion, 
wherein said notch portion (37) isfonmed on the 
side of the connecting terminal portion (22) a 
prescribed distance away from the central axial 
line and said projecting portion (50) is formed 
on the side opposite to the connecting terminal 
portion (22) a prescribed distance away from 
the central axial line. 

2. A knocking detecting sensor (1 ) according to claim 
1 , wherein said notch portion (37) Is fonned so that 
a geometrical center of gravity position of a diagram 
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formed by projecting the opposite face (35) with re- 
spect to a virtual plane orthogonal to the axial line 
of said piezoelectric element plate (8) and a geo- 
metric element plate (8) and a geometrical center 
of gravity position of a diagram fomied by projecting 
the opening portion of said notch portion (37) to- 
ward the opposite face (35) with respect to the same 
are displaced each other on the virtual plane. 

3. A knocking detecting sensor (1) according to any 
one of claims 1 and 2, wherein said notch portion 
(37) Is fomned In said opposite face (35) forming 
portion so that the axial line direction of said piezo- 
electric element plate (8) becomes a depth direction 
and a thickness of said opposite face (35) fonning 
portion is reduced at the forming position of said 
notch portion (37). 

4. A knocking detecting sensor according to any one 
of claims 1 to 3, wherein said projecting portion (50) 
is attached to a notch portion (51) fomied in the at- 
taching face (30a). 

5. A knocking detecting sensor (1) according to any 
one of claims 1 to 4, wherein: 

said piezoelectric element plate (8) is formed in 
a ring shape; 

said main metallic shell (5) includes a cylindri- 
cal or columnar passing-through portion (7), 
and a flange portion (1 0) integrally fomied with 
said main metallic sleeve (5) at one end side of 
the passing-through portion (7) and extending 
outwardly along a circumferential direction of 
the passing-through portion (7), the flange por- 
tion (10) constituting the opposite face forming 
portion; 

said piezoelectric element plate (8) is fit over 
the passing-through portion (7) of said main 
metallic sleeve (5) from an opposite side to a 
side where the flange portion (1 0) is formed; 

the flange portion serves as a supporting face 
(11) supporting said piezoelectric element plate 
at a ring-shaped end surface opposite to said 
piezoelectric element plate (8) fit-over and as 
the opposite face to the attaching face at an end 
surface opposite to the supporting face (35). 

6. A knocking detecting sensor (1) according to any 
one of claims 1 to 5, wherein said notch portion (37) 
is formed to open in the end surface (35) opposite 
to the supporting face (11 ) of the flange portion (1 0). 

7. A knocking detecting sensor (1) according to any 
one of claims 1 to 6, wherein: 



an outer periphery of said main metallic sleeve 
(5) is covered with a resin case (2) integrally 
molded therewith; 

5 - on a side of said resin case (2), a cylinder por- 
tion (25) having a tip opened is formed integral- 
ly with the resin case (2) in a fonn protruding 
sideward; 

10 - a connection temiinal portion (22) for extracting 
an output from said piezoelectric element plate 
(8) is provided to penetrate the resin case (2) 
and to protrude into the cylinder portion (25), 
and said connection tenminal portion (22) and 

15 said cylinder portion (25) constitute a connector 

portion (23); and 

said at least one notch portion (37) is fonned in 
said opposite face (35) fonning portion at a po- 
20 sition corresponding to said connector portion 

(23) around the axial line. 

8. A knocking detecting sensor (1) according to any 
one of claims 2 to 7, wherein said knocking detect- 

25 ing sensor (1) is arranged on said attaching portion 
(30) in a state where the opposite face (35) of said 
main metallic sleeve (5) is In contact with the attach- 
ing face (30a) and attached to the attaching portion 
(30) so that a screw member (33) penetrating 
30 through said main metallic sleeve (5) is screwed in- 
to a female screw (31 ) fonned in the attaching por- 
tion (30). 

9. A knocking detecting sensor (1) according to claim 
35 8, wherein the opposite end face of the flange por- 
tion (10) is formed to be ring-shape by opening a 
through-hole of the screw member, and as the ring- 
shape end face is of the opposite face, said notch 
portion (37) and said projecting portion (50) is 

"^0 fomied therein. 

10. A knocking detecting sensor (1) according to claim 
8 or 9, wherein said notch portion (37) is engaged 
with a projecting portion for detent formed on the 

"^5 attaching face (30a). 

11. A knocking detecting sensor (1) according to claim 
1 , wherein a relation of KA/ is in the range of 0.01 
to 0.2 where a volume of whole of the main metallic 

50 sleeve (5) including the volume of said notch portion 
(37) or said projecting portion (50) is V and a volume 
of said notch portion (37) or said projecting portion 
(60) is K. 

55 

Patentanspruche 

1 . Klopfsensor (1 ), der umfasst: 
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ein scheibenformiges piezoelektrisches Ele- 
ment (8), das Schwingung aufgrund von Klop- 
fen erfasst, das in einem Verbrennungsmotor 
erzeugt wird; 

eine Haupt-Metallbuchse (5), die das piezo- 5 
elektrische Element (8) an einer Seite einer Fla- 
che davon trigt, wobei die Haupt-Metallbuchse 
(5) an einer Anbringungselnheit (30) des Ver- 
brennungsmotors angebracht warden kann; 
und 10 
einen Verbindungsanschtussabschnitt (22), 

wobei das scheibenfonftiige piezoelektrlsche Ele- 
ment (8) eine axiaisymmetrische Form hat, so dass 
eine Axialmittellinie des scheibenfomiigen piezo- '5 
elektrischen Elementes (8) eine Anbringungsflache 
(30a) der Anbringungselnheit (30) schneidet; und 
die Haupt-Metallbuchse (5) einen Abschnitt auf- 
weist, der eine gegeniiberliegende Flache (35) zwl- 
schen der Buchse (5) und der Anbringungsflache 20 
(30a) der Anbringungselnheit (30) bildet, 
dadurch gekennzeichnet, dass: 

der die gegeniiberliegende Flache bildende 
Abschnitt genau einen Einkerbungsabschnitt 25 
(37) aufweist, der sich in der gegenuberllegen- 
den Flache (35) offnet, und/oder genau einen 
Vorsprungsabschnitt (50), der von der gegen- 
iiberllegenden Flache (35) des die gegeniiber- 
liegende Flache bildenden Abschnitts vorsteht, 30 
wobei der Einkerbungsabschnitt (37) auf der 
Seite des Verbindungsanschlussabschnitts 
(22) In einem vorgegebenen Abstand zu der 
Axialmittellinie ausgeblldet ist, und der Vor- 
sprungsabschnitt (50) auf der Seite gegenuber 35 
dem Verblndungsanschlussabschnitt(22) in ei- 
nem vorgegebenen Abstand zu der Axialmittel- 
linie ausgebildet ist. 

2. Klopfsensor (1 ) nach Anspruch 1 , wobei der Einker- 40 
bungsabschnitt (37) so ausgebildet ist, dass eine 
geometrlsche Schwerpunktpositlon eines Dia- 
gramms, das entsteht, indem die gegeniiberliegen- 
de Flache (35) in Bezug auf eine virtuelle Ebene 
senkrecht zu der Axiallinle des scheibenformigen 45 
piezoelektrischen Elementes (8) und einem geome- 
trischen scheibenfomiigen Element (8) projiziert 
wird, und eine geometrlsche Schwerpunktpositlon 
eines Diagramms, das entsteht, indem der Off- 
nungsabschnitt des Einkerbungsabschnitts (37) auf so 
die gegeniibehiegende Flache (35) in Bezug auf 
seibige projiziert wird, In dervirtuellen Ebene zuein- 
ander versetzt sind. 

3. Klopfsensor (1) nach einem der Anspruche 1 und ss 
2, wobei der Einkerbungsabschnitt (37) in dem die 
gegeniiberliegende Flache (35) bildenden Ab- 
schnitt ausgebildet ist, so dass die Richtung der Axi- 



470 B1 




atlinie desscheibenfonnlgen piezoelektrischen Ele- 
mentes (8) eineJiefenrichtung wird und eine Dicke 
des die gegeniiberiiegende Flache (35) bildenden 
Abschnitts an der Ausbildungsposition des Einker- 
bungsabschnitts (37) verringert wird. 

4. Klopfsensor (1) nach einem der AnsprCiche 1 bis 3, 
wobei der Vorspmngsabschnltt (50) an einem Ein- 
kerbungsabschnitt (51) angebracht ist, der in der 
Anbringungsflache (30a) ausgebildet Ist. 

5. Klopfsensor (1) nach einem der Anspruche 1 bis 4 
wobei: 

das scheibenformige piezoelektrlsche Element 
(8) in einer Ringform ausgebildet ist; 

die Haupt-Metallbuchse (5) einen zylindrischen 
Oder saulenformigen Durchgangsabschnitt (7) 
und einen Flanschabschnitt (1 0) enthalt, der in- 
tegral mit der Haupt-Metallbuchse (5) an einer 
Abschlussseite des Durchgangsabschnitts (7) 
ausgebildet ist und sich in einer Umfangsrich- 
tung des Durchgangsabschnitts (7) nach au- 
3en erstreckt, wobei der Flanschabschnitt (1 0) 
den die gegeniiberliegende Flache bildenden 
Abschnitt bildet; 

das scheibenformige piezoelektrlsche Element 
(8) von einer Seite aus, die der Seite, an der 
der Flanschabschnitt (1 0) ausgebildet ist, ge- 
geniibertlegt, iiber den Durchgangsabschnitt 
(7) der Haupt-Metallbuchse (5) geschoben ist; 

der Flanschabschnitt als eineTrageflache (11), 
die das scheibenfomnige piezoelektrlsche Ele- 
ment an einer dem iibergeschobenen schei- 
benfomiigen piezoelektrischen Element (8) ge- 
geniiberllegenden ringformigen Abschlussfla- 
che tragt, und als die der Anbringungsflache an 
einer Abschlussf lache gegeniiber der Tragef la- 
che (35) gegenuberliegende Flache dient. 

6. Klopfsensor (1 ) nach einem der Anspriiche 1 bis 5, 
wobei der Einkerbungsabschnitt (37) so ausgebil- 
det ist, dass er sich in der Abschlussf lache (35) ge- 
geniiber der Tragef lache (11) des Flanschab- 
schnitts (10) offnet. 

7. Klopfsensor (1 ) nach einem der Anspruche 1 bis 6, 
wobei: 

- ein AuBenumfang der Haupt-Metallbuchse (5) 
mit einer Harzverkteidung (2) Qberzogen ist. die 
integral damit gefomnt wird; 

an einer Seite der Harzverkleidung (2) ein Zy- 
linderabschnitt (25) mit einer offenen Spitze in- 
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tegral mit der Harzverkleidung (2) in einer selt- 
lich vorstehenden Form ausgebildet ist; 

ein Verfoindungsanschiussabschnitt (22) zum 
Weiterleiten eines Ausgangsslgnals des schei- 5 
benformigen piezoelektrischen Elementes (8) 
vorhanden ist, der die Harzverkleidung (2) 
durchdringt und in den Zylinderabschnitt (25) 
hinein vorsteht, und der Verbindungsanschlus- 
sabschnitt (22) sowle der Zylinderabschnitt io 
(25) einen Verbinderabschnitt (23) biiden; und 

der wenlgstens eine EInkerbungsabschnitt (37) 
in denn die gegenuberliegende Flache (35) bil- 
denden Abschnitt an einer Position, die dem '5 
Verbinderabschnitt (23) entspricht, um die Axi- 
allinie herum ausgebildet ist. 

8. Klopfsensor (1 ) nach einem der Anspruche 2 bis 7, 
wobei der Klopfsensor (1) an dem Anbringungsab- 20 
schnitt (30) in einem Zustand angeordnet ist, in dem 

die gegenuberliegende Flache (35) der Haupt-Me- 
tallbuchse (5) In Kontaktmit der Anbringungsflache 
(30a) ist und an dem Anbringungsabschnitt (30) so 
angebracht Ist, dass ein Schraubenelement (33), 25 
das die Haupt-Metallbuchse 5) durchdringt, in ein 
Innengewinde (31) eingeschraubt ist, das in dem 
Anbringungsabschnitt (30) ausgebildet ist. 

9. Klopfsensor (1 ) nach Anspruch 8, wobel die gegen- 3o 
uberliegende Abschlussflache des Flanschab- 
schnltts (1 0) durch Offnung eInes Durchgangslochs 
des Schraubenelementes ringfonmig ausgebildet 

Ist, und, da die ringfomitge Abschlussflache zu der 
gegentiberliegenden Flache gehort, der Einker- 35 
bungsabschnitt (37) und der Vorsprungsabschnitt 
(50) darin ausgebildet sind. 

10. Klopfsensor (1) nach Anspruch 8 oder9, wobel der 
EInkerbungsabschnitt (37) mit einem Vorsprungs- 40 
abschnitt zum Arretieren In EIngriff ist, der an der 
Anbringungsflache (30a) ausgebildet ist. 

11. Klopfsensor (1) nach Anspruch 1, wobei ein Ver- 
haltnis K/V Im Bereich von 0,01 bis 0,2 liegt, wobei 45 
ein Gesamtvolumen der Haupt-Metailbuchse (5) 
einschlieBlich des Volumens des Elnkerbungsab- 
schnitts (37) oder des Vorspmngsabschnitts (50) V 

Ist und ein Volumen des Einkerbungsabschnitts 
(37) Oder des Vorsprungsabschnitts (50) K ist. so 



Revendieatlons 

1 . D6tecteur de detonation (1 ) comprenant : 55 

une plaque d'6l6ment piezo6lectrique (8) pour 
ddtecter une vibration due ^ une detonation g^- 
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ner6e dans un moteur a combustion interne ; 
un manchon metallique principal (5) pour sup- 
porter ladite plaque d'^ldment pidzoeiectrique 
(8) d'un cdte d'une face de celui-ci, ledit man- 
chon metalllque principal (5) pouvant etre fixe 
k I'unlte de fixation (30) du moteur de combus- 
tion interne ; et 

une partie de borne de raccordement (22), 

ou ladite plaque d'6l6ment pi6zoelectrlque (8) 
possede une forme d'axe symetrlque pour que la 
llgne axialecentrale de ladite plaque d'ei^ment pie- 
zo6lectrique (8) coupe une face de fixation (30a) de 
I'unite de fixation (30) ; et 

ledit manchon m^tallique principal (5) posse- 
de une partie qui forme une face opposee (35) entre 
le manchon (5) et la face de fixation (30a) de I'unite 
de fixation (30), 

caracterise en ce que 

ladite partie de fomnation de face opposee pos- 
sede exactement une partie de cavite (37) qui 
ouvre dans la face opposee (35) et/ou exacte- 
ment une partie faisantsaillle (50) faisant saillie 
de ta face opposee (35) de la partie de fomna- 
tlon de face opposee, 

ou ladite partie de cavite (37) est fomnee du c6- 
te de la partie de borne de raccordement (22) 
d'une distance prescrlte eioignee de la ligne 
axiale centrale et ladite partie faisant saillie (50) 
est formee du cote oppose a la partie de borne 
de raccordement (22) ^ une distance prescrlte 
eioignee de la ligne axiale centrale. 

2. Detecteur de detonation (1 ) selon la revendicatlon 
1 , dans lequel ladite partie de cavite (37) est formee 
de telle sorte qu'une position geometrique du centre 
de gravite d'un plan fomne en projetant ta face op- 
posee (35) par rapport a un plan virtuel orthogonal 
k la ligne axiale de ladite plaque d'6iement piezoe- 
lectrique (8) et une plaque d'eiement geometrique 
(8) et qu'une position geometrique de centre de gra- 
vite d'un plan fomne en projetant la partie d'ouver- 
ture de ladite partie de cavite (37) vers la face op- 
posee (35) par rapport k celle-ci sont decaiees Tune 
par rapport a I'autre sur le plan virtuel. 

3. Detecteur de detonation (1 ) seton Tune quelconque 
des revendications 1 et 2, dans lequel ladite partie 
de cavite (37) est formee dans ladite face opposee 
(35) fonmant une partie pour que la direction de li- 
gne axiale de ladite plaque d'eiement piezoeiectrl- 
que (8) devienne une direction de profondeur et une 
epaisseur de ladite partie de fomnation de face op- 
posee (35) est reduite a la position de fomnation de 
ladite partie de cavite (37). 

4. Detecteur de detonation (1 ) selon I'une quelconque 
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des revendications 1 a 3, dans lequel ladite partie 
faisant saillie (50) est fixee ^ une partie de cavit6 
(51) formee dans la face de fixation (30a). 

Detecteur de detonation (1) selon I'une quelconque 
des revendications 1 & 4, dans lequel : 

ladite plaque d'element piezoelectrique (8) est 
formee dans une fomie en anneau ; 
ladite carcasse m6talllque principale (5) com- 
prend une partie traversante cylindrlque ou en 
colonne (7) et une partie de collier (1 0) formee 
int^gralement avec (edit manchon metailique 
principal (5) sur un c6X6 d'extr^mlt^ de ladite 
partie traversante (7) et s'6tendant vers rext6- 
rieur le long d'une direction circonferiencielle 
de la partie traversante (7), la partie de collier 

(10) constituant la partie de fomnation de face 
oppos^e ; 

ladite plaque d'element piezoelectrique (8) est 
adapt6e sur la partie traversante (7) dudit man- 
chon metailique principal (5) ^ partir d'un cotd 
oppose a un cote ou ia partie de collier (1 0) est 
formee ; 

la partie de collier sert comme face de support 

(11) supportant ladite plaque d'^l^ment piezoe- 
lectrique sur une surface d'extremite en fonne 
d'anneau opposee a ladite plaque d'element 
pi§zo6lectrique (8) adapt^e sur et comme la fa- 
ce opposee a la face de fixation sur une surface 
d'extremite opposee a la face de support (35). 

Detecteur de detonation (1) selon I'une quelconque 
des revendications 1 k 5, dans lequel ladite partie 
de cavite (37) est fomriee pour ouvrir dans la surface 
d'extremite (35) opposee a la surface de support 
(11) de la partie de collier (10). 

Detecteur de detonation (1 ) selon I'une quelconque 
des revendications 1 k 6, dans lequel : 

une peripherie externe dudit manchon metaili- 
que principal (5) est couvert avec un boTtier de 
resine (2) mouie int§gralement avec celui-ci ; 
sur un cdte dudit boTtier de resine (2), une partie 
cylindrique (25) ayant une extremity ouverte 
est foHTjee integralement avec le boTtier de re- 
sine (2) dans une forme faisant saillie 
tatdralement ; 

une partie de borne de raccordement (22) pour 
extraire une sortie de ladite plaque d'616ment 
piezoelectrique (8) est fournie pour penetrer 
dans le bottler en resine (2) et pourfaire saitllr 
la partie cylindrique (25), et ladite partie de bor- 
ne de raccordement (22) et ladite partie cylin- 
drique (25), constituent une partie de connec- 
teur (23) ; et 

ladite au moins une partie de cavite (37) est for- 
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mee dans ladite face opposee (35) fomiant une 
partie k une position correspondant k ladite 
partie de connecteur (23) autour de la ligne 
axiale. 

8. Detecteur de detonation (1 ) selon I'une quelconque 
des revendications 2^7, dans lequel ledit detecteur 
de detonation (1) est dispose sur ladite partie de 
fixation (30) dans un etat ou la face opposee (35) 
dudit manchon metailique principal (5) est un con- 
tact avec la face de fixation (30a) et fixee a la partie 
de fixation (30) pour qu'un element de vis (33) pe- 
netrant k travers ledit manchon metailique principal 
(5) soit visse dans une vis femelle (31 ) formee dans 
la partie de fixation (30). 

9. Detecteur de detonation (1) selon la revendlcation 
8, dans lequel la face d'extremite opposee de la par- 
tie de collier (10) estfomnee pouretre en forme d'an- 
neau en ouvrant un trou traversant de Telement de 
vis, et comme la face d'extremite en fomrie d'anneau 
est de la face opposee, ladite partie de cavite (37) 
et ladite partiefaisant saillie (50) estfomnee sur cel- 
le-ci. 

10. Detecteur de detonation (1) selon la revendlcation 
8 ou 9, dans lequel ladite partie de cavite (37) est 
en prise avec une partie faisant saillie pour un po- 
sitionneur fomrie sur la face de fixation (30a). 

11. Detecteur de detonation (1) selon la revendlcation 
1 , dans lequel une relation de K/V est dans la gam- 
me de 0,1 k 0,2 ou un volume de I'ensemble du 
manchon metailique principal (5) comprenant le vo- 
lume de ladite partie de cavite (37) ou de ladite par- 
tie faisant saillie (50) est V et un volume de ladite 
partie de cavite (37) ou de ladite partiefaisant saillie 
(50) est K. 
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FIG. 3 
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FIG. 5 




FIG. 6 
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FIG. 8 
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FIG. 13 




FIG. 14 




18 




19 



EP 0 844 470 B1 




20 



EP 0 844 470 B1 

FIG. 19A 
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FIG. 20 A 
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